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Abstract 
Potassium is a macronutrient essential to the performance of multiple plant enzyme functions. However, little is 
known about its impact on Stevia rebaudiana Bertoni. In the present study, we determined the Chlorophyll content, 
root activity, NR activity, invertase activity, SOD activity, MDA content of Stevia rebaudiana Bertoni subjected to 
five potassium levels (0, 90, 120 and 150 kg K2O/ha). Fertilization of potassium increased photosynthetic rate,, the 
activities of nitrate reductase , invertase activity, root activity, stress resistance and malondialdehyde(MDA) content, 
especially under suitable potassium (120 kg K2O/ha).It is suggested that potassium promote plant status  and provoke 
lipid peroxidation.  
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1. Introduction 
Stevia rebaudiana Bertoni is a perennial herb  belonging to the family Asteraceae, now being cultivated 
in many trop ical and sub-tropical countries. The leaves of Stevia  rebaudiana synthesize non-caloric 
thermo-stable intense sweeteners, main ly steviosides (the ent-kaurine glycosides) that find applications in  
food, pharmaceutical industries  and agriculture[1-2]. Purified  stevioside imparts about 300-t imes higher 
sweetness than sucrose [3]. Another glycoside, namely rebaudioside-A, which is about 400-times sweeter 
than sucrose is also present in Stevia leaves [4]. Therefore, there has been a large interest in Stevia 
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although information concerning potassium nutrit ion in  Stevia rebaudiana Bertoni and the effect on 
growth is lacking. 
However, the Effects of potassium fertilizer on physiological and biochemical index of Stevia 
rebaudiana Bertoni in China have rarely been studied. Therefore, the goal of the present work was to 
determine the the effects of potassium fert ilizer on physiological and biochemical index of Stevia 
rebaudiana Bertoni of Chinese region. 
2. Materials and Methods 
2.1. Plant material, growth, and treatments 
In 2007, experimental fields were laid out in Qingdao, Shandong Province, east China, with the 
varieties Qingtian breeded by Qingdao Agriculture University and established . The fields were located on 
potassium deficient sandy soils of strongly moisture retaining capacity. 
Base fertilizers given were 300 kg N and 90 kg P2O5/ha. Experimental fertilizer treatments were 
Control (CK, 0 K2O/ha), Treatment 1(T1, 60 K2O/ha), Treatment 2, 90 K2O/ha), Treatment 3(T3, 120 
K2O/ha) and Treatment 4(T4,150 kg K2O/ha), g iven as sulphate, These treatments were distributed in a 
randomized  block containing 3 repeats and each repeat was composed of 8 plants. All fields were in  
duplicate. 
2.2. Methods 
The physiological and biochemical indexes were measured in Stevia rebaudiana Bertoni leaves. 
Measuring root activity used TTC method; chlorophyll concentration [5]; NR act ivity [6]; SOD activ ity 
[7]; Invertase activities [8] and MDA content [9].  
3. Result  
3.1. Chlorophyll Content  
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Fig.1 The influence of different potassium fertilizer 
horizontal on chl content in the leaf 
Fig.2 The influence of different potassium fertilizer 
horizontal on NR activity 
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Fig. 1 shows the Chlorophyll Content of Stevia rebaudiana leaf as a function of time for d ifferent 
potassium concentrations. Chlorophyll content increased at the early  time and to the peak in 45 days after 
transplanting then decreased later. There was a significant difference in the  chlorophyll content under 
different potassium nutrient. Compared with potash fertilizer treatment the CK has the highest chlorophyll 
content because of vigorous nitrogen metabolis m before 30 days after transplanting. After 30 days after 
transplanting, Compared to CK ch lorophyll content, which was relatively  stable during the time course of 
the experiment, potassium treatment enhanced chlorophyll content. Chlorophyll Content of Stevia in the 
potassium treatment was, respectively, T3>T4>T2>T1>CK. And T3 was highest, achieved at 3.012mg.g-1. 
3.2. Activities of NR 
We examined the activit ies of NR involved in n itrogen assimilation in  the plants under potassium 
treatment. Fig. 3 shows the shoot NR act ivity as a function of time for different K levels. T1 did not 
significantly affect the activities of NR (Fig. 2), but T2, T3, T4 significantly increased it. Before 45 days 
after transplanting, NR activ ity increased with time at  all K levels. The increase was rapid at  the higher K 
levels of T3, T2 and T4. Plants grown at T 3 attained NR activ ity of 6.02 μmol (NO2-1) g-1 .DW.min-1at 
45 d. Then the NR act ivity decrease sharply. A K treatment of T3 in the NR activ ity was sufficient for the 
maximum NR activity of Stevia. 
3.3. Invertase activities 
Invertase activity is closely related to carbon metabolism [10-12]. The invertase activities of p lant with 
different treatments were measured in 30 and 60 days after transplanting  (Fig. 3). Compared to CK 
invertase activity, Potassium clearly  induced a increase of invertase activity throughou t the experiment. 
However, the degree of increasing in the invertase activity when compared to the CK was greater in the 
T3 and T4 treatment than in the T1 and T2 treatment. Although no significant differences in invertase 
activity of stevia leaf were found between the T3 and T4 t reatments, the T4 treatment consume more 
potassium fertilizer with high cost. Under the experimental conditions, the optimum treatment is T3. 
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Fig.3 The influence of different potassium fertilizer 
horizontal on invertase activity 
 Fig.4 The influence of different potassium      
fertilizer horizontal on root activity 
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3.4. Root activity 
The root activity first increased and showed the highest activity in 30 days after transplanting then 
decreased over the growing period. Analyses of root activities demonstrated significant differences among 
different treatment, showing mainly increased activities under treatment of potassium. The highest root 
activity was measured in treatment of T3, in which root activity was 1.5 times higher than in CK, which 
revealed the lowest values (Fig. 4).  
3.5.  MDA content and SOD activity 
The measurement of MDA content as parameters of oxidative stress showed significant differences 
between different treatments. MDA was higher in T3, T2, T4 and T1 than in CK (Fig. 5). Moreover, 
among all treatments T3 revealed significantly the highest MDA content, which were 2 times higher than 
in the CK. In parallel with the high amounts of MDA, SOD activity were significantly more pronounced 
in T3 and T2, whereas the CK had the lowest SOD activ ity (Fig.6 ). Again, the T3 revealed significantly 
the highest value and its activity was 1.5 times higher than that in the CK.  
Analysis of antioxidative enzyme (SOD) demonstrated significant difference in their activ ity among 
different treatments; the highest SOD activ ity was obtained in T3 at each time after transplanting, whose 
value was nearly one time higher than in the CK (Fig.6 ). T2 had lower SOD activity than did T3 but 
significantly higher than T3 and T1. Excess fertilization results in a lower SOD activity in T4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
4. Discussion 
Potassium is a macronutrient essential to the performance of multip le plant enzyme funct ions. Studies 
have indicated higher yield and disease resistance with increased levels of K in certain extent  [13]. 
Although the mechanisms are not completely understood, this effect may be attributed to increased plant 
energy. In the experiment, application of potassium fert ilizer had a positive effect on the physiological 
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Fig5. The influence of different potassium fertilizer 
horizontal on MDA content 
Fig.6 The influence of different potassium fertilizer 
horizontal on SOD activity 
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status and improved the activity of the enzyme compared with CK, moreover, the T3 treatment had the 
best growth status in the the experiment. 
As NR activity is positively associated with photosynthesis [14], results obtained from the experiment 
showed that higher total chlorophyll content and NR activity observed in T3, T4, T2 and T1 compared to 
CK, therefore, potassium can increase both NR expression and its activity [6]. Th is is important, because 
photosynthetic capacity is closely associated with total ch lorophyll content, and NR activ ity can be 
associated with amino acid conversion [14], and amino acid composition might be altered due to stress —
or this combination—which could promote s tress-resistance [15]. 
Invertase can be considered as a key enzyme in carbohydrate metabolis m since it catalyses the 
irreversible reaction that converts sucrose into glucose and fructose. In contrast to CK, the effect of 
potassium on invertase activity was  obvious, suitable potassium significantly increase invertase activity. 
Results obtained from d ifferent treatments showed that higher MDA content observed inT3, T4, T2 
and T1 compared to CK was associated with high activity of scavenging free radical, thus  indicating that 
application of potassium can help plant against higher oxidative stress. 
 A clear relationship between stress and antioxidant enzymatic activit ies has been observed in shoots of 
Prunus avium [16], carnation [17], and Euphorbia milli [18]. The increased activity of SOD, a key enzyme 
involved in protecting the cells from oxidative stress by catalyzing the disproportion of O2- radical to 
H2O2 and O2, was observed in this experiment. Together with the appearance of new Cu/Zn -SOD and 
Fe-SOD isoforms, which have also been induced in  chloroplasts of Mesembryanthemum crystallinum 
under oxidative stress [19], these findings suggest induction of a defense mechanism against oxidative 
damage in ch loroplasts. Related to the increase in SOD act ivity was detected in T3, T4, T2 and T1, 
indicating activation of enzymes involved in scavenging H2O2. This could be connected with their role in  
scavenging increased H2O2. However, recently proposed that the concomitant presence of higher 
amounts of H2O2 [20], could induce a Fenton reaction  generating extremely  reactive hydroxyl radicals 
that can damage cell molecules, membranes, and other structures. 
The increased activities of the antioxidative enzymes SOD and CAT in T3, T2, T4 and T1 suggest 
potassium can activated a defense mechanis m against the increased production of ROS in  the experiment. 
However, the increase in lipid  peroxidation and carbonylation of proteins  and oxidative damage to 
chloroplasts [21]. 
In collusion, the application of adequate potassium was favorable to  raise photosynthetic rate, promote 
the root activity, eliminate effectively oxygen free rad ical, increase stress resistance and promote plant 
growth activity. 
Reference 
[1] Liu Xiangyang, Ren Guangxi, Shi Yan, Effect of foliar application stevio l glycosides on yield  and quality of tomatoˈSugar 
Tech.ˈ 2010  ˈ12(1) : 76-78 (in Chinese) 
[2] Yu Congmin. Lv Chengguo, Shi Yan, The effect of steviol Glycosides blending Liquid on senescence after flowering in 
upland rice, Journal of Agronomy, 2009, 8(3):113-116  (in Chinese) 
[3] Crammer B. R.Ikan. Sweet glycosides from stevia plant.Chem. Br., 2003, 22, 915–916.1986 
586  Lei Ma and Yan Shi / Energy Procedia 5 (2011) 581–586
[4] Geuns Jan M.C.. Stevioside. Phytochemistry, 2003, 64, 913 – 921. 
[5] MacKinney, G. Absorption of light by chlorophyll solutions. Jour. Biol. Chem. 1941, 140: 315-322.  
[6] Baki GKA-E, Siefritz F, Man H-M, Weiner H, KaldenhoV R, Kaiser WM  Nitrate reductase in Zea mays L. under 
salinity.Plant Cell Environ. 2000, 23:515–521. 
[7]Beauchamp C, Fridovich I. Superoxide dismutase: improved assays and an assay applicable to  acrylamide gels. Anal 
Biochem. 1971, 44:276–287. 
[8] Bergmeyer HV, Bernt E. Sucrose. In: Bergmeyer HV (ed) Methods of enzymatic analysis. Academic Press, New York. 1974: 
1176–1179. 
[9]Cakmak I, Horst WJ. Effect of aluminium on lipid peroxidation, superoxide dismutase, catalase and peroxidase activities in 
root tips of soybean (Glycine max). Plant Physiol. 1991, 83:463–468. 
[10]Vorster, D.J. and Botha, F.C. Sugarcane internodal invertases and tissue maturity. J. Plant Physiol. 1999,155 : 470-76. 
[11]Moore,PH.. Temporal and spatial regulation of sucrose accumulation in the sugarcane stem. Aust. J. Plant Physiol.. 1995, 22: 
661-79. 
[12]Vorster, D.J, and Botha, F.C.. Partial purification and chracterization of sugarcane neutral invertase. Phytoehemistry. 
1998,49 : 651-55. 
[13]Sij JW, Turner FT, Whitney NG. Suppression of anthracnose and phomopsis seed rot on soybean with potassium fertilizer 
and benomyl. Agron J. 1985, 77:639–642. 
[14]Lam H M, Coschigano KT, Oliveira IC, Melo-Oliveira R, Coruzzi GM. The molecular-genetics of nitrogen assimilation into 
amino acids in higher plants. Annu Rev Plant Physiol Plant Mol Biol. 1996, 47:569–593. 
[15]Rizhsky L, Liang HJ, Shuman J, Shulaev V, Davletova S, Mittler R. When Defense pathways collide. The response of 
Arabidopsis to a combination of drought and heat stress. Plant Physiol. 2004, 134:1683–1696 
[16]Franck T , Kevers C, Penel C, Greppin H, Hausman JF, Gaspar T. Reducing properties, and markers of lipid peroxidation in 
normal and hyperhydrating shoots of Prunus avium L. J Plant Physiol. 1998, 153:339–346. 
[17]Olmos E, Piqueras A, Martinez-Solano JR, Hellin E. The subcellular localization of peroxidase and the implication of 
oxidative stress in hyperhydrated leaves of regenerated carnation shoots. Plant Sci. 1997, 130:97–105. 
[18]Dewir YH, Chakrabarty D, Ali MB, Hahn EJ, Paek KY, Lipid peroxidation and antioxidant enzyme activities of Euphorbia 
milli hyperhydric shoots. Environ Exp Bot 2006, 58:93–99. 
[19]Surowka E, Karolewski P, Niewiadomska E, Libik M, Miszalski Z, Antioxidative response of Mesembryanthemum 
crystallinum plants to exogenous SO2 application. Plant Sci 2007, 172:76–84. 
[20]Saher S, Piqueras A, Hellin E, Olmos E (2004) Hyperhydricity in  micropropagated carnation shoots: the role of oxidative 
stress. Physiol Plant 120:152–161. 
[21]Poljuha D, Balen B, Bauer A, Ljubesˇic´  N, Krsnik-Rasol M, Morphology and ultrastructure of Mammillaria gracilis 
(Cactaceae) in vitro culture. Plant Cell Tiss Org Cult 2003, 75:117–123. 
